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Abstract: While appropriate hand hygiene practices (HHP) are protective against infections, the
paucity of evidence on global estimates and determinants of HHP in adolescents limits effective
design and planning of intervention to improve HHP in young people. We examined the prevalence
and correlates of HHP in adolescents. We used nationally representative data from the Global School-
based Student Health Survey (2003–2017) from 92 countries. HHP were categorized as “appropriate”,
“inappropriate” and “lacking” based on the information about “hand washing before eating”, “hand
washing after using the toilet”, and “hand washing with soap”. Multinomial logistic regression
analyses were used to assess the role of socio-demographic, health, lifestyle, school, and family-
related variables in HHP. Among 354,422 adolescents (13–17 years), only 30.3% were found to practice
appropriate hand hygiene. Multivariable models suggest that sedentary behavior (adjusted relative
risk ratio (ARRR) 1.41, 95% CI 1.31–1.51)), and bullying victimization (ARRR 1.20, 95% CI 1.10–1.30)
promoted inappropriate HHP. In contrast, parental supervision (ARRR 0.55, 95% CI 0.50–0.59) and
parental bonding (ARRR 0.81, 95% CI 0.75–0.87) were protective against inappropriate HHP. From
a policy perspective, hand hygiene promotion policies and programs should focus on both school
(bullying, exercise) and family-level factors (parental supervision and parental bonding) factors.
Keywords: hand hygiene; hand washing; global; adolescents; school children
1. Introduction
Over 150 years ago, Ignaz Semmelweiss first demonstrated the effectiveness of a
seemingly simple intervention, hand washing, in preventing obstetrical nosocomial in-
fections [1,2]. Since then, hand washing with soap and water at key times is heralded as
one of the most cost-effective measures to reduce the global burden of gastrointestinal and
respiratory diseases [3]. Post the emergence of COVID-19 there is a renewed emphasis
on good hygiene practices, specifically hand washing with soap, for protecting against
coronavirus disease (COVID-19) infection and breaking the chain of transmission [4,5]. The
emphasis on washing hands with soap was mainly because much of the impact of hand
hygiene practices on health is mediated through the use of soap in washing hands. Hand
washing with soap was listed as one of three key behaviors in the global Water Supply
and Sanitation Assessment 2000 report by WHO that are of greatest likely benefit to health,
particularly in developing countries [6]. Moreover, a systematic review reported good evi-
dence that hand washing with soap has a similar impact on diarrhea in both industrialized
and developing countries, where water supply and sanitation differ greatly [3]. This study
provided good evidence to justify the promotion of hand washing with soap.
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Never before have hand hygiene practices ever received so much global attention
as in the current time. In the past few months, a significant amount of financial and
human resources have been invested in various campaigns and initiatives to improve the
awareness and practice of appropriate hand hygiene [7,8]. It is important to understand
that the success of these initiatives, which are primarily aiming for behavior change, will
depend on a thorough mapping of current hand hygiene behaviors and information on
attitudes, barriers, and enablers for hand hygiene. This information will help to identify
the gaps in current strategies and opportunities for improvements to develop and deliver
effective interventions.
While examining the population hand hygiene practices is of interest in its own
right, it is particularly important to explore these practices in young people, as they are
the “silent carriers” who unknowingly play a major role in community transmission of
infections [9]. It is well established that adolescence, a sensitive phase of life [10], exerts
significant influence in shaping long term health behaviors [11]. Extant research indicates
that hand hygiene is suboptimal in young people [12,13]. Therefore, instilling appropriate
hand hygiene in young people will help them in continuing these practices in adult life.
Moreover, school-based intervention strategies—including school closures and hygiene
and health intervention programs have been shown to be cost-effective in reducing the
spread of infectious diseases [14]. Hence, it is important to assess the prevalence and the
determinants of hand washing behavior among adolescents attending schools globally.
Unfortunately, despite the established cost-effectiveness of hand hygiene in prevent-
ing and controlling the spread of infections, there is a paucity of evidence on global esti-
mates, variations and determinants of hand hygiene practices among adolescents attending
schools globally. The limited research on hand hygiene practice has many limitations. First,
only a few studies have produced evidence from nationally representative studies [15,16].
Brauer and colleagues made an important contribution to the literature on hand washing by
estimating hand washing station with water and soap access to inform use of hand wash-
ing in the prevention of COVID-19 transmission [17]. However, access to hand washing
facilities does not denote actual hand washing practices [18,19]. Moreover, their “estimates
did not include access to hand washing facilities in non-household settings such as schools,
workplaces, health care facilities, and other public locations such as markets” [17].
Secondly, the bulk of research in this area has been carried out mainly on individual
countries or a group of countries [20–22], and there is a paucity of evidence on global
estimates and variations. A global-level assessment of hand hygiene practices is essential to
assess the nature and extent of cross-country and regional level variations in hand hygiene
practices across the world [18]. That, in turn, will inform the tailoring and ramping up the
hand hygiene promotional activities in countries with subpar performance and help in
maximizing the impact of hand hygiene promotional activities.
Third, past evidence on hand hygiene practices in adolescents is limited to hand washing
practices at key times and hand washing with soap separately [11,15,17,19–21,23,24]. In the
context of COVID-19 and beyond, merely washing hands will not be enough to minimize
the risk of infection transmission in the community. The key indicator for hand hygiene
assessment should combine both “when” (i.e., at key times) and “how” (i.e., with soap) for
hand washing. Only then we can identify the level and intensity of interventional that would
be required for different groups.
Addressing these gaps in the literature, this paper sets out to utilize nationally repre-
sentative data to examine global hand washing practices in adolescents, assess regional
and country-level variations in adolescents’ hand hygiene practices, and identify the key
hand washing motives and barriers to hand washing practices that are context-specific
such as socio-demographic, lifestyle, and family-related variables in driving adolescents’
hand hygiene practices.
Our work is driven by behavioural change theories that have been applied to infection-
control practices [25]. There exist multiple theories that have most strongly influenced
behavioural prevention research, such as the theory of reasoned action [26], and the theory
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of planned behavior [27]. The underlying premise of these theories is based upon the
understanding of the factors influencing ‘a person’s decision to perform (or not perform) a
given behavior’ [27] (for example, appropriate hand washing in our case). These theories
provide a structure to select our independent variables, define our analytical approach,
and serve as the guide to discuss our findings. In accordance with the constructs of these
theories and with previous research [21,28–30], we consider both school-level factors and
family-level factors in our analysis. The school-level factors such as exercise and bullying
can play an important role in hand hygiene behavior [21,31]. Indeed, previous research
has shown significant oral and hand washing behavior changes among children after
a school-based educational intervention [31–34]. School-based behavioral interventions
can support children to develop independent and healthy hygiene behaviors, which can
endure throughout adulthood. Moreover, children are likely to bring behavioral changes
by passing on and communicating the health message received at school to their parents
and family members, including their siblings [23,24,31]. The family-level factors, such as
parental supervision and parental bonding, play an important part in the development
of their adolescent children via shared time and shared information [29]. Individual
socioeconomic factors have shown a significant association with hand washing behavior
among school children [28].
2. Materials and Methods
2.1. Data
This study used data from the Global School-based Student Health Survey (GSHS) that
are conducted in low to middle- and high-income countries. In collaboration with a number
of organizations, the GSHS was jointly developed by the World Health Organization and
the United States Centre for Disease Control and Prevention (CDC). The GSHS employed a
two-stage cluster random sampling strategy to collect information on ten core questionnaire
modules that addressed the leading causes of morbidity and mortality in adolescents.
In brief, the modules included tobacco use, alcohol use, drug use, dietary behaviors,
hygiene, physical activity, sexual behaviors, unintentional injury and violence, and mental
health. The GSHS used uniform methodology and questionnaire to allow cross-country
comparison of indicators. Project-related design, organization, and implementation have
been described elsewhere [35].
2.2. Study Population
We downloaded the GSHS data of 100 countries and used the most recent data of those
countries that collected data in multiple rounds. Among all the countries, 92 countries had
available data (survey conducted during 2003–2017) on hand washing practices. The final
sample included survey data from 354,422 adolescents (13–17 years) from 92 countries.
2.3. Measurements
2.3.1. Outcome Variables
The data on the following three hand hygiene variables were collected. The response
to each question was recorded as “never”, “rarely”, “sometimes”, “most of the time”, and
“always”. In this study, we recoded these responses variable into three categories, i.e.,
“rarely/never”, “sometimes/mostly”, and “always”.
Hand washing before eating: The GSHS asked respondents the question “During the
past 30 days, how often did you wash your hands before eating?”
Hand washing after using the toilet: The GSHS asked respondents the question
“During the past 30 days, how often did you wash your hands after using the toilet
or latrine?”
Hand washing using soap: The GSHS asked respondents the question “During the
past 30 days, how often did you use soap when washing your hands?”
Hand hygiene practice: As mentioned in the introduction, in the context of COVID-19
and beyond, merely washing hands will not be enough to minimize the risk of infection
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transmission in the community. The key criteria for hand hygiene assessment should
be hand washing with soap for the recommended duration (≥20 s) [36]. To overcome
the limitations of the bulk of the studies on this topic, where hand washing at key times
and hand washing with soaps are separately explored, we created a composite indicator
to assess hand hygiene practices by combing both “when” and how” for hand washing.
However, the key criteria to define appropriate hand hygiene practices was the use of soap
to wash hands [36]. Therefore, those who were always using soap to wash hands were
categorized as following appropriate hand hygiene, whereas those who did not always
use soap for hand washing were categorized as practicing inappropriate hand hygiene,
and those who never used soap were categorized as lacking hand hygiene practices.
The rationale behind creating the three groups was to assess hand hygiene practices in
adolescents and identify the level and intensity of interventional that would be required
for different groups. Study participants were grouped into the following three categories:
Appropriate hand hygiene practices: The adolescents were deemed as practicing
appropriate hand hygiene if they selected “always” for three variables mentioned above,
i.e., they reported “always” using the soap to wash their hands, “always” before eating the
food and “always” after using the toilet.
Inappropriate hand hygiene practices: The adolescents were deemed as practicing
inappropriate hand hygiene if they selected “sometimes/mostly” for washing hands with
soap and selected any of the response options, i.e., “rarely/never”, “sometimes/mostly”,
and “always” for the remaining two variables (i.e., before eating the food and after using
the toilet).
Lack of hand hygiene practices: The adolescents were deemed as lacking hand hygiene
if they selected “never/rarely” for washing hands with soap and selected any of the
response options, i.e., “rarely/never”, “sometimes/mostly” and “always” for the remaining
two variables.
2.3.2. Independent Variables
The selection of independent variables is informed by the literature and guided by
the theories of health behavior change, particularly the theories of behavioral changes for
hygiene promotion [21,22,37–39]. The independent variables were chosen in such a way
that they could capture a wide range of demographic, economic, family, school, mental
and behavioral factors affecting hand hygiene practice, such as age, sex, socioeconomic
status (SES), physical activity, sedentary behavior, smoking, alcohol consumption, bullying
victimization, loneliness, parental supervision, and parental bonding. The definition of
each exposure variable is presented below.
Age: The GSHS question on age was “How old are you?”. The responses for this
question were “11 years old or younger”, “12 years old”, “13 years old”, “14 years old”,
“15 years old”, “16 years old”, “17 years old”, and “18 years old or older”. Though GSHS
generally collected data from respondent 13–17 years of age, some countries included
responses from adolescents out of this age range. However, we considered adolescents
13–17 years of age only to study the participants drawn from the same age cohort.
Socioeconomic status (SES): The GSHS question for the proxy of socioeconomic status
was, “During the past 30 days, how often did you go hungry because there was not enough
food in your home?” The responses for this question were “Never”, “Rarely”, “Sometimes”,
“Most of the time” and “Always”. Aligning with the previous GSHS studies [40], a
respondent was considered to belong to the “Average” SES group if his or her responses
were “Never” or “Rarely”. If the responses were from “Sometimes” to “Always”, then the
respondents were recorded to belong to the “Below average” SES group.
Physically active: The GSHS question for physically active was, “During the past
7 days, on how many days were you physically active for a total of at least 60 min per
day?”. The responses for this question were “0 days”, “1 day”, “2 days”, “3 days”, “4 days”,
“5 days”, “6 days”, and “7 days”. If the respondents were physically active for at least
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5 days during the past 7 days, then he or she was considered physically active. Otherwise,
the respondents were treated as not physically active [22].
Sedentary behavior: The GSHS question on sedentary behavior was, “How much
time do you spend during a typical or usual day sitting and watching television, playing
computer games, talking with friends, or doing other sitting activities?” The responses
for this question were recorded as <1, 1–2, 3–4, 5–6, 7–8, and ≥8 h/day. Adolescent’s
time spending at school and on doing homework was excluded from this time count.
Considering the health risks, we created a dichotomous variable and considered adolescents
to engage in a sedentary activity if s/he spends ≥3 h/day, otherwise not [22].
Smoking: The GSHS asked respondents the question, “During the past 30 days, on
how many days did you smoke a cigarette?” If a participant smoke cigarette for at least
1 day during the past 30 days, s/he is considered smoking cigarettes [41].
Alcohol consumption: The GSHS asked respondents the question, “During the past
30 days, on how many days did you have at least one drink containing alcohol?” If a
participant drank for at least 1 day during the past 30 days, s/he is considered to consume
alcohol [41].
Bullying victimization: To measure bullying, the GSHS asked respondents the fol-
lowing question “During the past 30 days, on how many days you were bullied?” Before
asking this question, the respondents were given a statement first to read the definition
of bullying. After that, they were asked how many days they experienced bullying in
the last 30 days. The responses were recorded as “0 days”, “1 or 2 days”, “3 to 5 days”,
“6 to 9 days”, “10 to 19 days”, “20 to 29 days”, and “All 30 days”. Aligning with previous
research [40,42], we created a dichotomous variable to define bullying victimization, and a
respondent is defined as being bullied if s/he reported experiencing bullying at least once
in the past 30 days preceding the survey. We coded the dichotomous responses as 0 “No”,
meaning 0 days of experiencing bullying and 1 “Yes”, meaning the experience of bullying
for at least once.
Loneliness: The GSHS question was, “During the past 12 months, how often have you
felt lonely?”. The responses were “Never”, “Rarely”, “Sometimes”, “Most of the time”, and
“Always”. If a respondent “Most of the time” or “Always” felt lonely, we considered him
or her to feel lonely. Otherwise, he or she was not considered as to feel lonely [41].
Parental supervision: The GSHS asked the following question “During the past
30 days, how often did your parents or guardians check to see if your homework was
done?”. The responses were “Never”, “Rarely”, “Sometimes”, “Most of the time”, and
“Always”. We considered adolescents under parental supervision if their response to this
question was either “Most of the time” or “Always”, otherwise he or she was considered
not to have parental supervision [22,41].
Parental bonding: The GSHS asked the following question “During the past 30 days,
how often did your parents or guardians really know what you were doing with your free
time?”. The responses for this question were “Never”, “Rarely”, “Sometimes”, “Most of
the time”, and “Always”. We used this variable to define parental bonding. We considered
adolescents to have bonded with their parents if their response to this question was either
“Most of the time” or “Always”, and adolescents was considered not to have bonded with
parents if their response was either “Never” or “Rarely” or “Sometimes” [22,41].
2.4. Statistical Analyses
The prevalence of hand hygiene practices and background characteristics of the study
participants were explored by using univariate analysis. We applied bivariate analysis to
examine the differentials in the prevalence of hand hygiene practices across the background
characteristics of adolescents. Statistical significance in the bivariate analysis was detected
by applying the Chi-square test. As our dependent variable (DV) had three categories, we
applied multiple multinomial logistic regression analyses to examine the association of
background characteristics with hand hygiene practices. In conducting multiple regression
analysis, we fitted a simple regression model to assess whether the independent variables
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(IV) are associated with the DV. We included all the IVs in the multiple regression model,
given their evidence of having a significant association with DV in simple regression models.
Before entering the IV in the multiple regression model, we checked the multicollinearity
among the IVs and found the absence of multicollinearity (variance inflation factor <2).
The results of the regression analysis were presented in terms of relative risk ratio (RRR)
with the respective 95% confidence interval (CI). As surveys were conducted at different
time points (survey years) across different countries, we considered the time point as an
independent variable in regression models to adjust the effect of time variations. Due to
the hierarchical structure of the GSHS data, we considered the cluster sampling design and
sampling weight of the GSHS through defining “svyset” in Stata and used “svy” as a prefix
in all analyses. The statistical significance was defined at a 5% level (p-value < 0.05). Stata
(version 15) was used for data analysis.
3. Results
3.1. Sample Characteristics
Among 354,422 adolescents analyzed globally, nearly half of the adolescents (48.6%)
were female. Almost one-third of the adolescents (31.7%) belonged to below averaged
SES, and a little less than one-third of the adolescents (31.8%) were physically active. A
significant number of the adolescents (34.9%) were bullied by their peers, and one out of
ten (11.4%) felt lonely. Nearly two of every five adolescents reported receiving parental
supervision (39%) and bonding with parents (41.5%). There were variations in sample
characteristics across regions. See Table 1 for details.













13 years 65,546(22.4) 7767 (20.2) 15,160 (26.9) 455 (26.8) 18,294 (21.7) 9876 (27.4) 13,994 (13.2)
14 years 83,515(28.5)
10,969
(24.9) 18,728 (29.9) 448 (26.8) 24,125 (29.5) 12,203 (31.6) 17,042 (24.9)
15 years 78,710(24.5)
12,629
(27.1) 16,730 (25.1) 569 (25.1) 21,382 (27.9) 10,599 (21.9) 16,801 (25)
16+ years 79,999(24.6)
15,822




(51.6) 36,500 (53.6) 1033 (52.3) 41,780 (49.7) 24,040 (52.1) 37,398 (48.8)
Female 181,673(48.6)
29,010




(61.9) 55,412 (75.5) 1986 (94.7) 71,995 (83.2) 29,840 (61.9) 52,847 (70.1)
Below average 94,731(31.7)
20,308




(65.8) 45,045 (70.7) 503 (23.6) 57,038 (71.6) 31,921 (66.9) 54,305 (69.3)
Yes 110,649(31.8)
18,378





(73.7) 46,619 (74.1) 922 (47.8) 49,301 (64) 37,870 (73.2) 50,524 (63.9)
≥3 h 120,231(29.4)
15,822
(26.3) 25,915 (25.9) 1092 (52.2) 36,877 (36) 13,218 (26.8) 27,307 (36.1)
















(92.5) 64,261 (92.1) 1700 (85.8) 58,259 (83.8) 43,099 (90.8) 69,057 (91.1)





(86.3) 7542 (90.7) 1088 (60.6) 48,977 (67.2) 38,075 (93.7) 65,825 (79.7)





(55.3) 39,852 (54.5) 1749 (90) 62,339 (70.9) 28,402 (72.1) 53,878 (68.1)
Yes 102,063(34.9)
22,349




(86.9) 57,896 (84.2) 1954 (93.6) 77,867 (89.7) 46,657 (92) 70,106 (87.8)





(51.9) 34,364 (55.7) No obs 41,997 (59.1) 30,110 (57.8) 48,046 (75.3)
Yes 104,788(39)
12,751




(62.5) 34,723 (57.6) No obs 32,536 (50.8) 27,440 (55) 39,283 (65)
Yes 122,459(41.5)
11,020
(37.5) 28,458 (42.4) No obs 34,159 (49.2) 23,045 (45) 25,777 (35)
Results in the cells are presented in terms of sample size followed by weighted prevalence in the parenthesis, n (%). No obs stands for
“No observation”.
3.2. Hand Hygiene Practices
Globally, only 30.3% (95% CI: 29.2–31.4%) reported practicing appropriate hand hy-
giene. Whereas 60.4% (95% CI: 59.3–61.5%) and 9.4% (95% CI: 8.8–9.9%) of the adolescents
reported practicing inappropriate hand hygiene and lack of hand hygiene, respectively.
Item-specific pooled estimates highlighted that out of the total sample, only 56.7% (95% CI:
55.2–58.1%) reported “always” washing their hands before eating, and 68.3% adolescents
(95% CI: 67.3–69.4%) reported “always” washing their hands after using the toilet, while
only 45.3% (95% CI: 44.1–46.5%) reported “always” using soap to wash their hands.
The prevalence of hand hygiene practices varied across the countries and regions.
At the regional level, inappropriate hand hygiene practices were reported to be highest
in adolescents from the Western Pacific region (67.9%, 95% CI: 65.6–70.1%) and lowest in
adolescents from the European region (29.1%, 95% CI: 25.9–32.4%) (Figure 1).
At country level, the prevalence of inappropriate hand hygiene practices in adolescents
was reported to be highest in Vietnam (78.7%, 95% CI: 76.8–80.5%) followed by Solomon
Islands (78.7%, 95% CI: 74.9–82.0%) and Cambodia (78.4%, 95% CI: 76.0–80.6%), and
lowest in Honduras (28.5%, 95% CI: 26.2–30.9%), followed by Macedonia (29.1%, 95% CI:
25.9–32.4%) and Senegal (34.7%, 95% CI: 30.6–39.0%) (Supplementary Figure S1). In
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addition, lack of hand hygiene practices were highest in adolescents from Honduras
(58.7%, 95% CI: 55.3–62.1%), Benin (23%, 95% CI: 18.8–27.7%), and Sudan (22.8%, 95% CI:
19.1–27.0%), and lowest in adolescents from Lebanon (2.3%, 95% CI: 1.9–2.8%), Cambodia
(2.7%, 95% CI: 2.2–3.4%), and Mongolia (3.1%, 95% CI: 2.5–3.8%).
Figure 1. Regional variation in adolescents’ hand hygiene practices across the globe, based on the
Global School-based Student Health Survey data (2003–2017).
3.3. Correlate of Hand Hygiene Practices
Hand hygiene practices varied significantly (p-value < 0.05) across adolescent’s age,
sex, SES, physical activity, sedentary behavior, smoking status, alcohol consumption,
bullying victimization, loneliness, parental supervision, and parental bonding (Table 2).
The results from pooled multivariable multinomial logistic regression model for global
data (Table 3) showed that sedentary behavior was associated with an increased odds
of inappropriate hand hygiene practices (adjusted RRR (ARRR) 1.41, 95% CI 1.31–1.51,
p-value < 0.001). Adolescents who were bullied at school had higher odds of inappro-
priate hand hygiene practices than their counterparts (ARRR 1.20, 95% CI 1.10–1.30,
p-value < 0.001). Parental supervision (ARRR 0.55, 95% CI 0.50–0.59, p-value < 0.001)
and bonding with parents (ARRR 0.81, 95% CI 0.75–0.87, p-value < 0.001) were associated
with lower odds of inappropriate hand hygiene practices.
Table 2. Factors associated with adolescents’ hand hygiene practices across the globe, based on the Global School-based
Student Health Survey data (2003–2017).
Variable
Hand Hygiene Practices
Lacking Inappropriate Appropriate p-Value
Age <0.0001
13 years 8.4% 58.1% 33.5%
14 years 8.6% 59.4% 32%
15 years 9.5% 59.8% 30.6%
16+ years 10.7% 64.2% 25.1%
Sex <0.0001
Male 10.6% 60.6% 28.8%
Female 7.9% 60.2% 31.9%
SES <0.0001
Average 9.2% 59.2% 31.6%
Below average 9.4% 63.1% 27.5%




Lacking Inappropriate Appropriate p-Value
Physically active <0.0001
No 9.2% 62.4% 28.6
Yes 9.9% 58.9% 31.2%
Sedentary behavior <0.0001
No 8.7% 58.6% 32.7%
Yes 10.6% 65.1% 24.3%
Smoking <0.0001
No 8.6% 60.4% 31.1%
Yes 15.6% 62.0% 22.4%
Alcohol consumption <0.0001
No 8.3% 62.6% 29.1%
Yes 13.8% 67.2% 19.0%
Bullying victimization <0.0001
No 7.5% 60.3% 32.3%
Yes 11.3% 62.5% 26.3%
Loneliness <0.0001
No 9.0% 61.1% 29.9%
Yes 11.2% 61.2% 27.6%
Parental supervision <0.0001
No 11.1% 65.8% 23.1%
Yes 6.2% 53.9% 39.9%
Parental bonding <0.0001
No 11.2% 63.4% 25.4%
Yes 6.4% 58.0% 35.6%
Table 3. Time and cluster adjusted correlates of adolescents’ hand hygiene practices across the globe, based on the Global
School-based Student Health Survey data (2003–2017).
Inappropriate vs. Appropriate (Ref) Lacking vs. Appropriate (Ref)
RRR (95% CI) ARRR (95% CI) RRR (95% CI) ARRR (95% CI)
Age
13 years
14 years 1.01 (0.94–1.08) 0.93 (0.84–1.03) 1.00 (0.89–1.14) 0.87 (0.72–1.06)
15 years 1.05 (0.96–1.14) 0.91 (0.79–1.04) 1.14 (0.97–1.34) 1.03 (0.80–1.33)
16+ years 1.19 (1.10–1.29) *** 1.00 (0.89–1.13) 1.46 (1.26–1.68) *** 1.20 (0.96–1.5)
Sex
Male
Female 0.86 (0.82–0.9) *** 0.93 (0.86–1.01) 0.66 (0.60–0.73) *** 0.80 (0.70–0.92) **
SES
Average
Below average 1.22 (1.15–1.29) *** 0.98 (0.90–1.07) 1.15 (1.05–1.27) ** 0.70 (0.59–0.82) ***
Physically active
No
Yes 0.9 (0.86–0.95) *** 0.89 (0.83–0.96) ** 1.00 (0.91–1.11) 0.99 (0.84–1.16)
Sedentary behavior
No
Yes 1.40 (1.33–1.46) *** 1.41 (1.31–1.51) *** 1.61 (1.49–1.74) *** 1.57 (1.37–1.80) ***
Smoking
No




Yes 1.49 (1.39–1.60) *** 1.18 (1.07–1.30) ** 2.39 (2.05–2.79) *** 1.31 (1.06–1.61)
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Table 3. Cont.
Inappropriate vs. Appropriate (Ref) Lacking vs. Appropriate (Ref)
RRR (95% CI) ARRR (95% CI) RRR (95% CI) ARRR (95% CI)
Being bullied
No
Yes 1.40 (1.33–1.48) *** 1.20 (1.10–1.30) *** 2.07 (1.86–2.31) *** 1.69 (1.44–2.0) ***
Loneliness
No
Yes 1.11 (1.05–1.18) *** 1.03 (0.92–1.15) 1.34 (1.21–1.48) *** 1.06 (0.86–1.30)
Parental supervision
No
Yes 0.51 (0.48–0.54) *** 0.55 (0.50–0.59) *** 0.32 (0.29–0.36) *** 0.46 (0.39–0.54) ***
Parental bonding
No
Yes 0.67 (0.64–0.71) *** 0.81 (0.75–0.87) *** 0.40 (0.36–0.44) *** 0.55 (0.48–0.63) ***
RRR = Relative risk ration, ARRR = Adjusted RRR, CI = Confidence Interval, *** if p < 0.001, ** if p < 0.01, * if p < 0.05.
4. Discussion
4.1. Main Findings and Contributions
In this study, we examined the prevalence and correlates of hand hygiene practices
in adolescents across the globe. There are three major findings: first, irrespective of
socioeconomic disparities, adolescents’ hand hygiene practices in most of the 87 countries
are suboptimal. Second, there is a substantial cross-national variation in the practice of
appropriate hand hygiene in adolescents. Third, bullying victimization is associated with a
higher risk of inappropriate hand hygiene, while physical activity, parental supervision,
and bonding are associated with a lower risk of inappropriate hand hygiene practices.
Since sedentary behaviors are strongly associated with lacking HHP, efforts are needed to
promote HHP in physically inactive adolescents. Furthermore, as sedentary behaviors and
HHP are strongly associated with each other, interventions targeting sedentary behavior
may subsequently improve HHP in adolescents; therefore, school level physical activity
promoting interventions can provide opportunities to improve HHP in students.
These findings highlight the need to further improve the effectiveness of current hand
hygiene promoting programs with consideration for both schools (bullying, exercise) and
family level (parental supervision and parental bonding) influencers on hand washing
behaviors. Therefore, while devising policies and programs targeted at improving physical
activity and controlling bullying is crucial to enhance hand washing practices among
adolescents, parent–child bonding and shared time are crucial in promoting children’s
hand hygiene as well. These results imply that public health policies need to be targeted at
not only providing health education but at increasing parent–child bonding and shared
time in order to promote children’s health more effectively.
4.2. Interpretation and Comparability
While access to hand washing facilities and knowledge of proper hygiene is important
for practicing hand washing [43], the knowledge–behavior gap [44] is a major reason for
sub-optimal hand hygiene practices. For example, Rabbi and Day found that a majority
(90%) of respondents had knowledge about hand washing with soap before eating and
after defecation, but only 21% and 88% of respondents reported doing so, respectively [44].
Systematic integration of health and hygiene education in school curriculum and peer-
led behavior change initiatives could be an appropriate strategy to reduce inappropriate
hand hygiene practices. Clearly, 30.3% of adolescents who are following appropriate hand
hygiene need the lowest intensity of intervention to ensure the continuation of current hand
hygiene practices. Whereas 60.5% of adolescents who are reporting “sometimes/mostly”
for washing hands with soap appear to have access to soap (and presumptively water),
and despite that, they are not “always” using soap to wash their hands. Therefore, for this
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group, multi-focused intervention, particularly targeting attitude and behavior, is needed.
The remaining 9.4% of the adolescents reported lack of hand hygiene, their reporting of
“rarely/never” washing their hand with soap could be due to the lack of access to soap or
water in the households or school [45], lack of clean toilets in school [12], inconveniently
located sinks [46], inadequate knowledge [12], or poor attitude and behavior for practicing
hand hygiene [47]. Previous research has also highlighted that in addition to awareness
and self-efficacy, the availability of soap and clean water can significantly improve hand
hygiene practice in young people [28,48]. Therefore, the group reporting the lack of hand
hygiene will require multilevel and multi-focused intervention to ensure access to facilities,
adequate awareness, and the right behavior to achieve appropriate hand hygiene practices.
Our results further highlight a huge cross-national, as well as regional variation in the
prevalence of appropriate hand hygiene practices. For example, the prevalence of appropri-
ate hand hygiene practices in adolescents was highest in the European region (66.9%) and
lowest in the Western Pacific region (22.8%). Similarly, the prevalence of appropriate hand
hygiene varied across countries ranging from 66.9% in Macedonia (European region) to
7% in Vanuatu (Western Pacific region). Such variation may reflect “the relative economic
development of the countries, variations in international aid, the different emphasis of pub-
lic health programs and cultural variations” [30]. The large cross-national differences do
point to the need for more comprehensive hand hygiene promotional activities in countries
where a high proportion of students reported inappropriate hand hygiene practices.
The multivariable analysis showed that both school (exercise, bullying) and family-
level factors (parental supervision and parental bonding) influence hand hygiene prac-
tices. For example, adolescents with a sedentary lifestyle were more likely to have
inappropriate and lack hand hygiene practice. These results are in accordance with an-
other study based on the GSHS data, which found sedentary behavior to be associated
with sub-optimal hand hygiene behavior [21]. We also found that adolescents who were
bullied were more likely to have inappropriate and lack hand hygiene practice than
those who were not bullied. The fear of being bullied may discourage children from
using toilets and drinking and hand washing facilities [38]. According to a World Bank
report from Kenya, hand washing facilities in most schools are too high to reach [49].
Younger children find it even harder than usual to reach the hand washing facilities
and may even be bullied and pushed by older children when they line up to wash their
hands [49]. As adolescents spend a major proportion of the day at school, ensuring
supervision of the hand wash facilities may help in improving hand hygiene practice
and reduce the other negative impacts of bullying as well.
The role of parental supervision in hand hygiene practices is also established in other
studies where the lack of parental supervision and parental bond was shown to increase
the risk of sub-optimal hand washing with soap [21]. A large body of evidence indicates
that parents play an important part in the development of their adolescent children [50].
Increased parental supervision and bonding may be proxies of time spent by parents with
their adolescent children. It is possible that as parents spend more time with their children,
they may have more chances to talk with their children about their health-related concerns
or belief [29].
It is noteworthy that there is no significant gender difference in hand washing behav-
ior. Our results are in line with studies, which found gender not associated with hand
washing behavior [20,28]. Several studies, however, have shown that girls have better hand
hygiene habits than boys [30]. These contradictory findings do point to the fact that gender
differences in hand hygiene may not be universal, and, hence, there is a need to introduce
hand hygiene initiatives in adolescents irrespective of gender.
4.3. Strength and Limitations
A major strength of the study is that the large population-wide samples drawn from
randomly selected schools with a similar target population, sampling frame, standard-
ized methods, and survey questions allowing comparison of hand hygiene behavior in
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adolescents across the globe. Compared with previous studies that only focused on hand
washing, we used a more robust measure to assess hand hygiene. However, we acknowl-
edge that in addition to “how” and “when” we also needed to include the information on
“how long” for adequately assessing hand hygiene practices. Notably, in the context of
the current COVID-19 situation where hand washing with soap is recommended ≥20 s,
the lack of data on the duration of hand washing is a limitation of our study. Considering
that a significant number of adolescents are reported to have low awareness of appropriate
duration for hand washing [12], we anticipate that lack of information on hand washing
duration might have led to an overestimation of appropriate hand hygiene practices in
our study. Additionally, since the hand hygiene practices were measured by self-reported
data, our estimates are prone to reporting error and recall bias. The GSHS only includes
school-going adolescents who may not be representative of all adolescents in a country.
Hence, as with all school-based research, the findings may not apply to adolescents who do
not attend school. We presumed that those adolescents who reported “mostly/sometimes”
hand washing with soap, as opposed to “always” had access to soap and water, but spe-
cific questions on the access to soap and water, hand hygiene knowledge and aptitude
are needed for reliable assessment of hand hygiene practices and drivers. As the GSHS
administered in 2 European countries (i.e., Tajikistan and Macedonia), we have information
on HHP for Macedonia only. Therefore, we acknowledge that this single country analysis
may not be able to represent a region. Other countries that have available information on
HHP must need to be analyzed to better understand the HHP scenario in this region.
5. Conclusions
Our study demonstrated suboptimal hand hygiene practice in adolescents and showed
that both school (bullying, exercise) and family-level factors (parental supervision and
parental bonding) influence hand hygiene practices. Therefore, the design and development
of hand hygiene promotion policies and programs should ensure bullying prevention at
schools, physical activity promotion in schools and parental involvement in hand hygiene
activities. Our results imply that public health policies need to be targeted at not only
providing health education but at increasing parent–child bonding and shared time in
order to promote children’s health more effectively.
Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/ijerph18094984/s1, Figure S1: Distribution of sample across study regions and countries.
Author Contributions: All authors were involved in designing the study protocol, developing the
analytical approach, and interpreting the data; M.M.H. conducted the analysis; S.J., Y.F., M.M.H.,
and A.A.M. wrote the manuscript. All authors have read and agreed to the published version of
the manuscript.
Funding: This research received no external funding.
Institutional Review Board Statement: GSHS surveys received approved from each country, by
both the national government administration, usually by the Ministry of Health or Education, and an
institutional review board or ethics committee.
Informed Consent Statement: GSHS obtained written informed consent from the participants or
their guardians before the survey.
Data Availability Statement: All the estimates are presented in the manuscript. Raw data are
publicly available and can be accessed through https://www.who.int/ncds/surveillance/gshs/
datasets/en/.
Acknowledgments: We acknowledge World Health Organization to provide us access to use Global
School-based Student Health Survey (GSHS) data to conduct this study.
Conflicts of Interest: The authors declare no conflict of interest.
Int. J. Environ. Res. Public Health 2021, 18, 4984 13 of 14
References
1. Best, M.; Neuhauser, D. Ignaz Semmelweis and the birth of infection control. Qual. Saf. Health Care 2004, 13, 233–234. [CrossRef]
2. Jarvis, W.R. Handwashing—The Semmelweis lesson forgotten? Lancet 1994, 344, 1311–1312. [CrossRef]
3. Curtis, V.; Cairncross, S. Effect of washing hands with soap on diarrhea risk in the community: A systematic review. Lancet Infect.
Dis. 2003, 3, 275–281. [CrossRef]
4. UNICEF. Handwashing with Soap, Critical in the Fight against Coronavirus, Is “Out of Reach” for Billions. Available online:
https://www.unicef.org.au/about-us/media/march-2020/handwashing-out-of-reach-for-billions (accessed on 5 April 2020).
5. Zhan, S.; Yang, Y.Y.; Fu, C. Public’s early response to the novel coronavirus-infected pneumonia. Emerg. Microbes Infect. 2020, 9.
[CrossRef]
6. Aiello, A.E.; Larson, E.L. What is the evidence for a causal link between hygiene and infections? Lancet Infect. Dis. 2002, 2,
103–110. [CrossRef]
7. UNICEF. Handwashing Stations and Supplies for the COVID-19 Response. Available online: https://www.unicef.org/media/68
896/file/Handwashing-Facility-Factsheet.pdf (accessed on 24 May 2020).
8. UNICEF. WASH—Understanding Hygiene promotion in the context of Risk Communication & Community Engagement (RCCE)
and Infection Control and Prevention (IPC) for the COVID-19 Outbreak. Available online: https://www.unicef.org/media/6640
1/file/WASH-COVID-19-hygiene-programming-guidance-2020.pdf (accessed on 24 May 2020).
9. Chisholm, R.H.; Campbell, P.T.; Wu, Y.; Tong, S.Y.C.; McVernon, J.; Geard, N. Implications of asymptomatic carriers for infectious
disease transmission and control. R. Soc. Open Sci. 2018, 5. [CrossRef]
10. Christie, D.; Viner, R. Adolescent development. BMJ 2005, 330. [CrossRef] [PubMed]
11. Patton, G.C.; Olsson, C.A.; Skirbekk, V.; Saffery, R.; Wlodek, M.E.; Azzopardi, P.S.; Stonawski, M.; Rasmussen, B.; Spry, E.; Francis,
K.; et al. Adolescence and the next generation. Nature 2018, 554, 458–466. [CrossRef] [PubMed]
12. Yalçin, S.; Yalçin, S.; Altin, S. Hand washing and adolescents. A study from seven schools in Konya, Turkey. Int. J. Adolesc. Med.
Health 2004, 16, 371–376. [CrossRef] [PubMed]
13. Bolt, E.; Shordt, K.; Krukkert, I. School Sanitation and Hygiene Education: Results from the Assessment of a 6-Country Pilot Project.
2006. Available online: https://www.ircwash.org/resources/school-sanitation-and-hygiene-education-results-assessment-6-
country-pilot-project (accessed on 5 May 2020).
14. Ridenhour, B.J.; Braun, A.; Teyrasse, T.; Goldsman, D. Controlling the spread of disease in schools. PLoS ONE 2011, 6, 16–18.
[CrossRef]
15. Peltzer, K.; Pengpid, S. Health risk behaviour among in-school adolescents in the philippines: Trends between 2003, 2007 and
2011, a cross-sectional study. Int. J. Environ. Res. Public Health 2015, 13, 1–12. [CrossRef]
16. Salleh, N.C.; Fuad, M.; Anuar, M.; Abdullah, N.A.; Yaw, S.L.; Wong, N.I.; Pei, T.T.; Awaluddin, S.M.; Tahir, A. Prevalence and
Factors Associated with Oral and Hand Hygiene Practices among Adolescents in Malaysia: Findings from the National Health
and Morbidity Survey 2017. Asia Pacific J. Public Health 2019, 31. [CrossRef] [PubMed]
17. Brauer, M.; Zhao, J.T.; Bennitt, F.B.; Stanaway, J.D. Global access to Handwashing: Implications for COVID-19 control in
low-income countries. Environ. Health Perspect. 2020, 128, 1–6. [CrossRef] [PubMed]
18. Freeman, M.C.; Stocks, M.E.; Cumming, O.; Jeandron, A.; Higgins, J.P.T.; Wolf, J.; Prüss-Ustün, A.; Bonjour, S.; Hunter, P.R.;
Fewtrell, L.; et al. Hygiene and Health: Systematic Review of Handwashing Practices Worldwide and Update of Health Effects.
Trop. Med. Int. Health 2014, 19, 906–916. [CrossRef] [PubMed]
19. Wolf, J.; Hunter, P.R.; Freeman, M.C.; Cumming, O.; Clasen, T.; Bartram, J.; Higgins, J.P.T.; Johnston, R.; Medlicott, K.; Boisson, S.;
et al. Impact of drinking water, sanitation and handwashing with soap on childhood diarrhoeal disease: Updated meta-analysis
and meta-regression. Trop. Med. Int. Health 2018, 23, 508–525. [CrossRef]
20. Ranasinghe, S.; Ramesh, S.; Jacobsen, K.H. Hygiene and mental health among middle school students in India and 11 other
countries. J. Infect. Public Health 2016, 9, 429–435. [CrossRef]
21. Peltzer, K.; Pengpid, S. Oral and hand hygiene behaviour and risk factors among in-school adolescents in four Southeast Asian
countries. Int. J. Environ. Res. Public Health 2014, 11, 2780–2792. [CrossRef] [PubMed]
22. Pengpid, S.; Peltzer, K. Hygiene behaviour and associated factors among in-school adolescents in nine African countries. Int. J.
Behav. Med. 2011, 18, 150–159. [CrossRef] [PubMed]
23. Onyango-Ouma, W.; Aagaard-Hansen, J.; Jensen, B.B. The potential of schoolchildren as health change agents in rural western
Kenya. Soc. Sci. Med. 2005, 61, 1711–1722. [CrossRef]
24. Rohde, J.E.; Sadjimin, T. Elementary-school pupils as health educators: Role of school health programmes in primary health-care.
Lancet 1980, 21, 1350–1352. [CrossRef]
25. Kretzer, E.K.; Larson, E.L. Behavioral interventions to improve infection control practices. Am. J. Infect. Control 1998, 26, 245–253.
[CrossRef]
26. Ajzen, I.; Fishbein, M. Understanding the Attitudes and Predicting Social Behavior; Prentice-Hall: Englewood Cliffs, NJ, USA, 1980.
27. Fishbein, M.; Guinan, M. Behavioral science and public health: A necessary partnership for HIV prevention. Public Health Rep.
1996, 111, 5–10. [PubMed]
28. Lopez-Quintero, C.; Freeman, P.; Neumark, Y. Hand washing among school children in Bogotá, Colombia. Am. J. Public Health
2009, 99, 94–101. [CrossRef] [PubMed]
Int. J. Environ. Res. Public Health 2021, 18, 4984 14 of 14
29. Song, I.H.; Kim, S.-A.; Park, W.-S. Family Factors Associated with Children’s Handwashing Hygiene Behavior. J. Child Health Care
2013, 17, 164–173. [CrossRef]
30. Tran, D.; Phongsavan, P.; Bauman, A.; Havea, D.; Galea, G. Hygiene behaviour of adolescents in the Pacific: Associations with
socio-demographic, health behaviour and school environment. Asia Pacific J. Public Health 2006, 18, 3–11. [CrossRef] [PubMed]
31. Garg, A.; Taneja, D.K.; Badhan, S.K.; Ingle, G.K. Effect of a school-based hand washing promotion program on knowledge and
hand washing behavior of girl students in a middle school of Delhi. Indian J. Public Health 2013, 57, 109–112. [CrossRef]
32. Rani, M.D.M.; Mohamed, N.A.; Jamaluddin, T.Z.M.T.; Ismail, Z.; Ramli, S.; Faroque, H.; Samad, F.N.A.; Ariffien, A.R.; Farid,
A.A.R.C.A.; Isahak, I. Effectiveness of comprehensive hand hygiene module on preschool children in Klang Valley, Malaysia.
Clin. Experiemntal Pediatr. 2020, 63, 115–116. [CrossRef] [PubMed]
33. Ramseier, C.A.; Leiggener, I.; Lang, N.P.; Bagramian, R.A.; Inglehart, M.R. Short-term effects of hygiene education for preschool
(kindergarten) children: A clinical study. Oral Health Prev. Dent. 2007, 5, 19–24.
34. Rosen, L.; Manor, O.; Engelhard, D.; Brody, D.; Rosen, B.; Peleg, H.; Meir, M.; Zucker, D. Can a Handwashing Intervention Make a
Difference? Results from a Randomized Controlled Trial in Jerusalem Preschools. Prev. Med. 2006, 42, 27–32. [CrossRef]
35. WHO. Global School-Based Student Health Survey (GSHS): Purpose and Methodology. Available online: www.who.int/chp/
gshs/methodology/en/index.html (accessed on 10 September 2020).
36. National Center for Immunization and Respiratory Diseases (NCIRD). How to Protect Yourself & Others. Available on-
line: https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/prevention.html?CDC_AA_refVal=https%3A%2F%
2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fprepare%2Fprevention.html (accessed on 31 May 2020).
37. McLeroy, K.R.; Bibeau, D.; Steckler, A.; Glanz, K. An Ecological Perspective on Health Promotion Programs. Health Educ. Q 1988,
15, 351–377. [CrossRef]
38. Grossi, V.; Klimschak, E.; Rechenburg, A.; Shinee, E.; Schmoll, O. The Situation of Water, Sanitation and Hygiene in Schools in the
Pan-European Region. Available online: http://www.euro.who.int/en/publications/abstracts/situation-of-water,-sanitation-
and-hygiene-in-schools-in-the-pan-european-region-the-2016 (accessed on 5 May 2020).
39. Dreibelbis, R.; Winch, P.; Leontsini, E.; Hulland, K.R.; Ram, P.K.; Unicomb, L.; Luby, S.P. The integrated behavioural model for
water, sanitation, and hygiene: A systematic review of behavioural models and a framework for designing and evaluating. BMC
Public Health 2013, 13, 1–13. [CrossRef]
40. Biswas, T.; Scott, J.G.; Munir, K.; Thomas, H.J.; Huda, M.M.; Hasan, M.M.; David de Vries, T.; Baxter, J.; Mamun, A.A. Global
variation in the prevalence of bullying victimisation amongst adolescents: Role of peer and parental supports. EClinicalMedicine
2020, 20, 100276. [CrossRef] [PubMed]
41. Pengpid, S.; Peltzer, K. Leisure-time sedentary behavior is associated with psychological distress and substance use among
school-going adolescents in five southeast Asian countries: A cross-sectional study. Int. J. Environ. Res. Public Health 2019, 16,
2091. [CrossRef] [PubMed]
42. Nguyen, H.T.L.; Nakamura, K.; Seino, K.; Al-Sobaihi, S. Impact of parent-adolescent bonding on school bullying and mental
health in Vietnamese cultural setting: Evidence from the global school-based health survey. BMC Psychol. 2019, 7, 1–10. [CrossRef]
43. Pati, S.; Kadam, S.S.; Chauhan, A.S. Hand hygiene behavior among urban slum children and their care takers in Odisha, India. J.
Prev. Med. Hyg. 2014, 55, 65–68.
44. Rabbi, S.E.; Dey, N.C. Exploring the gap between hand washing knowledge and practices in Bangladesh: A cross-sectional
comparative study. BMC Public Health 2013, 13, 89. [CrossRef] [PubMed]
45. Luby, S.P.; Halder, A.K. Associations among handwashing indicators, wealth, and symptoms of childhood respiratory illness in
urban Bangladesh. Trop. Med. Int. Health 2008, 13, 835–844. [CrossRef]
46. Vessey, J.A.; Sherwood, J.J.; Warner, D.; Clark, D. Comparing Hand Washing to Hand Sanitizers in Reducing Elementary School
Students’ Absenteeism. Pediatr. Nurs. 2007, 33, 368–372.
47. Pengpid, S.; Peltzer, K. Hand and Oral Hygiene Practices among Adolescents in Dominican Republic, Suriname and Trinidad
and Tobago: Prevalence, Health, Risk Behavior, Mental Health and Protective Factors. Int. J. Environ. Res. Public Health 2020, 17,
7860. [CrossRef]
48. Sharma, M.; Batra, K.; Davis, R.E.; Wilkerson, A.H. Explaining Handwashing Behavior in a Sample of College Students during
COVID-19 Pandemic Using the Multi-Theory Model (MTM) of Health Behavior Change: A Single Institutional Cross-Sectional
Survey. Healthcare 2021, 9, 55. [CrossRef] [PubMed]
49. World Bank. Are Your Hands Clean Enough? Baseline and Consumer Research Study findings on Handwashing with Soap
Behaviour in Kenya. Available online: https://www.pseau.org/outils/ouvrages/wsp_africa_are_your_hands_clean_enough_20
09.pdf (accessed on 5 May 2020).
50. Steinberg, L. We know some things: Parent-adolescent relationships in retrospect and prospect. J. Res. Adolesc. 2001, 11, 1–19.
[CrossRef]
